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© An accumulator fuel injection apparatus (100) in 
which a nozzle element (5) is divided into a first 
nozzle body (11) having a one end side of said 
nozzle element (5) and a second nozzle body (12) 
having the other end side of the nozzle element (5). 
The accumulator fuel injection apparatus (100) com- 
prises a stopper, (45) for setting a maximum move- 
ment position of the first nozzle body (11) toward the 
second nozzle body (11), a second pressure control 
chamber (50) communicating with a first pressure 
control chamber (15) and forming a predetermined 
space or interval through which the first nozzle body 
(11) and the second nozzle body (12) are spaced 
away from each other under a condition that the first 
nozzle body (11) is arranged at the maximum move- 
ment position, and delay means (29,35) for delaying 
reduction of pressure within the first pressure control 
chamber (15) due to the fact that fluid flows into a 
low-pressure chamber from the first pressure control 
chamber (15) upon communication of the first pres- 
sure control chamber (15) and the low-pressure 
chamber with each other. It is possible to easily 
perform operation of setting an amount of pre-lift of 
the nozzle needle which decides an injection rate, 
and operation of assembling constitutional elements 
thereof. 


FIG. I 
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BACKGROUND OF THE INVENTION 

The present invention relates to an accumulator 
fuel injection apparatus and, more particularly, to a 
fuel injection apparatus for a diesel engine, which 
facilitates setting of an amount of pre-lift of a noz- 
zle needle. 

As a fuel injection apparatus for a diesel en- 
gine, an arrangement has been disclosed, for ex- 
ample, in U.S. Patent No. 5,156,132, which com- 
prises common accumulator piping called a com- 
mon rail for accumulating high-pressure fuel, and 
an injector for injecting the fuel. A nozzle needle for 
opening and closing an injection bore is slidably 
arranged within the injector. The nozzle needle 
defines a back-pressure chamber for retaining fuel 
pressure which acts on the nozzle needle. Pressure 
within the back-pressure chamber is so controlled 
as to be switched to fuel pressure on the high- 
pressure side and fuel pressure on the low-pres- 
sure side by a three-way electromagnetic valve. 
Thus, the high-pressure fuel supplied from the ac- 
cumulator piping is injected from the injection bore. 
In order to improve engine performance, pre-lift of 
a nozzle needle is so set as to achieve boot-type 
injection which is such an injection rate that an 
amount of injection at initial time of injection is 
constant, the amount of injection is made substan- 
tially constant after the amount of injection rises 
again, and running-out of the injection is completed 
instantaneously. 

For the conventional fuel injection apparatus for 
the diesel engine having an arrangement of the 
kind referred to above, however, the amount of pre- 
lift of the nozzle needle which determines or de- 
cides the initial amount of injection is decided by 
uppermost portions of the group of parts which are 
moved together with the nozzle needle. Accord- 
ingly, there is a problem that dimensional manage- 
ment or administration of a plurality of parts in a 
longitudinal direction and an estimate of longitudi- 
nal deformation of the parts due to hydraulic pres- 
sure are extremely difficult. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an 
accumulate fuel injection apparatus in which an 
amount of pre-lift in boot-type injection is set by a 
gap between a nozzle needle and a piston 
thereabove, whereby setting operability of the 
amount of pre-lift and assembling operability of the 
nozzle needle are improved. 

According to the invention, there is provided an 
accumulator fuel injection apparatus comprising: a 
casing element formed therein with a guide bore; a 
nozzle body reciprocally guided in the guide bore; 
a first pressure control chamber against which a 
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one end side of the nozzle body faces; an injection 
bore; a seat provided at the other end side of the 
nozzle body for opening and closing the injection 
bore; accumulator piping in which high-pressure 
5 fluid is accumulated; a low-pressure chamber; and 
a control valve, wherein the first pressure control 
chamber communicates with the accumulator pip- 
ing, and the low-pressure chamber in switching by 
the control valve, to reciprocate the nozzle body, to 
io thereby control the injection bore in opening and 
closing, and wherein the nozzle body is divided 
into a first nozzle having the one end side and a 
second nozzle having the other end side, the accu- 
mulator fuel injection apparatus further comprising: 
75 a stopper for setting a maximum-movement posi- 
tion of the first nozzle toward the second nozzle; a 
second pressure control chamber communicating 
in switching with the accumulator piping and the 
low-pressure chamber in synchronism with the first 
20 pressure control chamber, by the control valve, and 
for forming a predetermined interval through which 
the first nozzle and the second nozzle are spaced 
away from each other, under a condition that the 
first nozzle is arranged at the maximum movement 
25 position; and delay means for delaying reduction of 
the pressure within the first pressure control cham- 
ber due to the fact that fluid flows into the low- 
pressure chamber from the first pressure control 
chamber upon communication of the first pressure 
30 control chamber and the low-pressure chamber 
with each other. 

Accordingly, with the accumulator fuel injection 
apparatus according to the invention, the nozzle 
body is divided into a plurality of elements, which 
35 have conventionally been united together, and the 
nozzle body is provided in which the maximum- 
movement position is set. It is possible to set the 
amount of pre-lift by a location between one end to 
the other end of the nozzle body. 
40 Moreover, according to the invention, there is 

further provided an accumulator fuel injection ap- 
paratus comprising: accumulator piping accumulat- 
ing therein high-pressure fuel; a first piston recipro- 
cally guided in a guide bore formed in a lower 
45 element and having a one end side thereof which 
faces a first pressure control chamber; a stopper 
for setting a maximum movement position toward 
the other end side of the first piston; a second 
piston reciprocally guided in a guide bore formed 
50 in a spacer, and having a one end side thereof 
abutted against the other end of the first piston and 
the other end side facing a second pressure control 
chamber which communicates with the first pres- 
sure control chamber; a nozzle needle whose one 
55 end side faces the second pressure control cham- 
ber, the nozzle needle having a seat at the other 
end side of the nozzle needle; a valve casing 
having a guide bore for reciprocally guiding the 
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nozzle needle, a valve seat abutted against the 
seat of the nozzle needle, and an injection bore; 
delay means for delaying reduction of pressure 
within the first pressure control chamber due to the 
fact that fluid flows into a low-pressure chamber 
from the first pressure control chamber upon com- 
munication of the first pressure control chamber 
and the low-pressure chamber with each other; and 
biasing means for spacing the second piston and 
the nozzle needle away from each other so as to 
form a predetermined gap between the other end 
side of the second piston and the one end side of 
the nozzle needle under a condition that the first 
piston is arranged at the maximum movement posi- 
tion. 

Accordingly, with the accumulator fuel injection 
apparatus according to the invention, it is possible 
to manage or administer setting of the amount of 
pre-lift of the nozzle needle by the spacer and the 
second piston. Thus, it is possible to facilitate op- 
eration of adjustment of the amount of pre-lift and 
operation of maintenance and inspection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing a fuel 
injection apparatus for a diesel engine, accord- 
ing to an embodiment of the invention; 
Fig. 2 is a cross-sectional view showing the fuel 
injection apparatus for the diesel engine illus- 
trated in Fig. 1, the cross-sectional view being 
cut in a cross-sectional surface different from 
that shown in Fig. 1; 

Fig. 3 is an enlarged cross-sectional view show- 
ing a portion B in Fig. 1; 

Fig. 4 is a cross-sectional view showing the fuel 
injection apparatus for the diesel engine illus- 
trated in Fig. 1, describing operation of setting 
the amount of pre-lift prior to completion of 
assembling; 

Fig. 5 is an enlarged cross-sectional view show- 
ing a portion A illustrated in Fig. 1; 
Fig. 6 is a time chart showing pressure changing 
characteristic of the above-described embodi- 
ment of the invention; 

Fig. 7 is a time chart showing displacement 
characteristic of the above-mentioned embodi- 
ment of the invention; 

Fig. 8 is a view for description of injection char- 
acteristic of the above-described embodiment of 
the invention; 

Fig. 9 is a view for description of injection char- 
acteristic of the above-described embodiment of 
the invention; and 

Fig. 10 is a view for description of injection 
characteristic of the above-described embodi- 
ment of th invention. 


PREFERRED EMBODIMENT OF THE INVENTION 

An embodiment of the invention will hereunder 
be described with reference to the accompanying 

5 drawings. 

Referring first to Fig. 1, an injector 100 has a 
casing 1 which comprises a lower element 1a, a 
spacer 1b, a distance piece 1c and a valve casing 
element 1d. The lower element 1a and the spacer 

w 1b are coupled together by a first retaining ring 1e. 
The spacer 1b, the distance piece 1c and the valve 
casing element 1d are coupled together by a sec- 
ond retaining ring 1f. A valve sliding bore 2 and a 
fuel reservoir chamber 3 are defined in the valve 

75 casing element 1d. A nozzle needle 5 has a larger 
diameter portion 6 which is slidably fitted in the 
valve sliding bore 2 which communicates with the 
fuel reservoir chamber 3. A connecting portion 7 is 
formed at the larger diameter portion 6 of the 

20 nozzle needle 5. A smaller-diameter portion 8 and 
a valve portion 9 are integrally formed at a location 
below the connecting portion 7. A seat x is opened 
and closed by the valve portion 9 so that injection 
from a jetting or injection bore 4 is turned on and 

25 off. 

A first piston 11 is slidably fitted within a cyl- 
inder 14 which is defined in the lower element 1a. 
The first piston 11 is abutted against one end of a 
second piston 12. The other end of the second 

30 piston 12 is formed with a smaller-diameter portion 
54, as shown in Fig. 3. The connecting portion 7 of 
the nozzle needle 5 has a forward end thereof 
which is slidably fitted in a cylinder 55 formed in 
the smaller-diameter portion 54. 

35 A first pressure control chamber 15 is defined 

within the cylinder 14, as shown in Fig. 5, to form a 
one-way orifice 38. The first pressure control 
chamber 15 communicates with a passage 36 
through a restriction passage 35 which is defined in 

40 a valve body 29. A compressive coil spring 32 has 
one end 32a thereof which is abutted against the 
valve body 29. The other end 32b of the compres- 
sive coil spring 32 is abutted against the first piston 
11 through a valve seat 34. If high pressure is 

45 introduced to a passage 36 from a passage 22 
through an inner valve 19 and an outer valve 18, 
the valve body 29 is depressed or is moved down- 
wardly so that the compressive coil spring 32 and 
the valve body 29 are abutted against the first 

so piston 1 1 to push down the first piston 1 1 . At this 
time, high-pressure fuel flows into the first pressure 
control chamber 15 from a restriction passage 35 
so that the pressure within the first pressure control 
chamber 15 is soon raised to high pressure. Then, 

55 when the passage 36 is switched to low pressure, 
the fuel flows out from the restriction passage 35 
until pressure balance of the first pressure control 
chamber 15 is broken, to maintain the first piston 
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11 under a depressed condition. Subsequently, 
when the first pressure control chamber 15 is re- 
duced to low pressure, pressure balance of the first 
pressure control chamber 15 is broken so that the 
first piston 11 lifts or is moved upwardly. 

A second pressure control chamber 50 com- 
municates with the passage 36 through a high- 
pressure fuel passage 56. As shown in Fig. 3, an 
annular spring element 51 is received within the 
second pressure control chamber 50. The annular 
spring element 51 has one end 51a thereof which 
is abutted against an annular groove 52 which is 
formed in a bottom surface of the distance piece 
1c. The other end 51b of the annular spring ele- 
ment 51 is abutted against a larger-diameter spring 
seat 53 which is formed at a rearward end of the 
nozzle needle 5. The connecting portion 7 is slida- 
ble vertically within the cylinder 55 which is defined 
in the smaller-diameter solid cylindrical portion 54 
which is formed at a rearward end of the second 
piston 12. Here, as shown in Fig. 3, an amount of 
full lift and an amount of pre-lift of the nozzle 
needle 5 are decided. The amount of pre-lift H is 
decided by a difference between the spacer 1b 
and a top of the second piston 12 illustrated in Fig. 
4 upon assembling. 

Referring back to Fig. 1, the three-way elec- 
tromagnetic valve (control valve) 16 is arranged 
above the first piston 11. The three-way electro- 
magnetic valve (control valve) 16 comprises valve 
means and magnetizing or exciting means. The 
valve means has the outer valve 18 slidably guided 
by a cylinder 17, and the inner valve 19 slidably 
guided by an internal bore 18a in the outer valve 
18. The exciting means has a coil 20 mounted on a 
solenoid housing 63, a stator 60 fixedly mounted 
on a case 62 through the solenoid housing 63, a 
movable core 61 fixedly mounted on the outer 
valve 18 and attracted against the stator 60 upon 
energization, and a compressive coil spring 21 for 
biasing the outer valve 18 toward a side opposite 
to the attracting side. 

When the coil 20 is deenergized, the outer 
valve 18 is located at a lower position by a biasing 
force of the compressive coil spring 21 so that the 
passage 22 and the first pressure control chamber 
15 communicate with each other through the pas- 
sage 36. Further, when the coil 20 is energized, the 
outer valve 18 is moved upwardly so that the first 
pressure control chamber 15 and the drain pas- 
sage 23 communicate with each other. In this con- 
nection, as shown in Fig. 2, fuel within a drain 
passage 23 can be drawn to a drain tank (not 
shown) through passages 43 and 44 and an outlet 
27. 

The casing 1 is formed therein with a fuel 
supply passage 24. The fuel supply passage 24 
has one end thereof which is connected to the fuel 
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reservoir chamber 3 and the other end which is 
connected to the passage 22 in the three-way 
electromagnetic valve 16. An accumulator piping 
26 accumulates high-pressure fuel which is sup- 

5 plied from a high-pressure supply pump (not 
shown). The accumulator piping 26 supplies the 
high-pressure fuel to the injectors 100 arranged 
respectively for cylinders, through an inlet 25. Sig- 
nals from a cylinder judgment sensor, a cam-angle 

io sensor, an accelerator-opening sensor and the like 
are inputted to a controller 28 so that the controller 
28 controls the three-way electromagnetic valve 16 
at predetermined fuel injection timing. 
Operation will next be described. 

75 The high-pressure fuel in the accumulator pip- 

ing 26 is supplied into the injector 100 through the 
inlet 25. The fuel is supplied to the fuel reservoir 
chamber 3 through the fuel supply passage 24, 
and is supplied to the three-way electromagnetic 

20 valve 16. 

At this time, in a case where the three-way 
electromagnetic valve 16 is deenergized, the outer 
valve 18 is seated by the compressive coil spring 
21 . The fuel supplied to the three-way electromag- 

25 netic valve 16 moves the inner valve 19 upwardly 
in the figures and flows into the passage 36. 

The fuel flowing into the passage 36 flows into 
the first pressure control chamber 15 through the 
restriction passage 35. Under a condition in which 

30 predetermined time elapses, the first pressure con- 
trol chamber 15 is filled with the high-pressure fuel. 
At this time, the first pressure control chamber 15, 
the second pressure control chamber 50 and the 
fuel reservoir chamber 3 are high in pressure. The 

35 first piston 1 1 is abutted against a stopper 45. The 
second piston 12 is abutted against the first piston 
1 1 . The nozzle needle 5 is seated upon the seat x 
by a difference between a pressure receiving area 
within the second control chamber and a pressure 

40 receiving area at the fuel reservoir chamber 3 and 
the setting force of the annular spring element 51 . 

When the three-way electromagnetic valve 16 
is excited or energized, the outer valve 18 is at- 
tracted upwardly in the figures, and the fuel within 

45 the first pressure control chamber 15 escapes to- 
ward the low pressure side through the passage 36 
and the drain passage 23. At this time, however, 
the first pressure control chamber 15 is restricted 
in outflow of the fuel by the restriction passage 35. 

so Accordingly, the pressure within the first pressure 
control chamber 15 is not at once reduced, but is 
maintained to high pressure during a predeter- 
mined period of time. Thus, the first piston 11 is 
retained to a condition abutted against the stopper 

55 45. At this time, the second piston 12 is located 
while being abutted against the first piston 1 1 . The 
nozzle needle 5 rises or is moved upwardly by the 
amount of pre-lift indicated in Fig. 3, by a dif- 
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ference between pressure (low pressure) received 
by the pressure receiving area of the second pres- 
sure control chamber 56 and pressure (high pres- 
sure) received by the pressure receiving area at 
the fuel reservoir chamber 3 and the setting pres- 
sure of the annular spring element 51 . 

Subsequently, when the pressure within the 
first pressure control chamber 15 is reduced to a 
level so bearing as to raise the first piston 1 1 and 
the second piston 12, the first piston 11 and the 
second piston 12 are brought to a full-lift condition. 

Subsequently, when the three-way electromag- 
netic valve 16 is deenergized, the high-pressure 
fuel is supplied to the fist pressure control chamber 
15 and the second pressure control chamber 50 
through the three-way electromagnetic valve 16 
and the passage 36. Then, the first piston 11 
receives the pressure within the first pressure con- 
trol chamber 15 and is instantaneously moved 
downwardly in the figures. In keeping therewith, the 
second piston 12 and the nozzle needle 5 are 
moved downwardly. Thus, injection has soon come 
to an end. 

In connection with the above, Fig. 6 is a time 
chart showing pressure variation or change of the 
passage 36, the second pressure control chamber 
50 and the first pressure control chamber 15 due to 
the above-described operation. Fig. 7 is a time 
chart showing displacement of each of the first 
piston 11, the second piston 12 and the nozzle 
needle 5 in the above-mentioned operation. As 
shown in Fig. 8, an amount of pre-lift can be 
adjusted by axial length of each of the distance 
piece 1c and the spacer 1b illustrated in Fig. 4. 
Further, as shown in Fig. 9, by regulation or adjust- 
ment of the restriction diameter of the restriction 
passage 35, it is possible to control an inclination 
of full-lift ascending of the nozzle needle 5. More- 
over, as shown in Fig. 10, since it is possible to 
reduce the amount of injection during a period of 
ignition lag or delay time as compared with the 
conventional delta-type injection, it is possible to 
prevent dash combustion from occurring to reduce 
nitrogen oxides. 

With the arrangement of the embodiment, as 
shown in Fig. 4, upon assembling, the second 
piston 12 is abutted against the nozzle needle 5, 
and the amount of pre-lift H is set by a step 
between the second piston 12 and the spacer 1b. 
Setting of the amount of pre-lift H of the nozzle 
needle 5 can be managed only by the step H 
between the spacer 1b and the top of the second 
piston 12 illustrated in Fig. 4. Conventionally, the 
longitudinal size of the lower element has con- 
trolled or governed the amount of pre-lift. In the 
present embodiment, however, dimensional man- 
agement of the lower element 1a is dispensed with 
because the amount of pre-lift is decided. Accord- 


993 A1 8 


ingly, setting of the amount of pre-lift is facilitated. 
Furthermore, only rearrangement of the various 
parts illustrated in Fig. 4 into a body by the retain- 
ing ring 1e makes it possible to perform operation 
5 of adjustment of the amount of pre-lift and opera- 
tion of inspection and maintenance. Thus, there is 
provided an advantage that serviceability is im- 
proved. 

Since elastic deformation of the annular spring 

w element 51 is relatively low as compared with that 
of the compressive coil spring upon assembling of 
the annular spring element 51 in the aforesaid 
embodiment, there is also provided an advantage 
that the amount of pre-lift can always be main- 

75 tained properly or adequately. 

As described above, the fuel injection appara- 
tus for the diesel engine, according to the inven- 
tion, enables the boot-type injection and decides 
the amount of pre-lift of the nozzle needle which 

20 decides the injection rate, by the intermediate por- 
tion of the group of parts which are moved together 
with the nozzle needle. Accordingly, there are pro- 
duced advantages that the operation of setting of 
the amount of pre-lift is facilitated, and operability 

25 upon maintenance and inspection is also improved. 
Moreover, there are produced the following advan- 
tages. That is, when the amount of pre-lift of the 
nozzle needle is decided, management of the lon- 
gitudinal dimension of the plurality of parts which 

30 cooperate to form the injector is facilitated. Further- 
. more, an estimate of the longitudinal deformation of 
the parts due to the hydraulic pressure is facili- 
tated. 

An accumulator fuel injection apparatus in 

35 which a nozzle element is divided into a first nozzle 
having a one end side of said nozzle element and 
a second nozzle having the other end side of the 
nozzle element. The accumulator fuel injection ap- 
paratus comprises a stopper for setting a maximum 

40 movement position of the first nozzle toward the 
second nozzle, a second pressure control chamber 
communicating with a first pressure control cham- 
ber and forming a predetermined space or interval 
through which the first nozzle and the second noz- 

45 zle are spaced away from each other under a 
condition that the first nozzle is arranged at the 
maximum movement position, and delay means for 
delaying reduction of pressure within the first pres- 
sure control chamber due to the fact that fluid flows 

so into a low-pressure chamber from the first pressure 
control chamber upon communication of the first 
pressure control chamber and the low-pressure 
chamber with each other. It is possible to easily 
perform op ration of setting an amount of pre-lift of 

55 the nozzle needle which decides an inj ction rate, 
and operation of assembling constitutional ele- 
ments thereof. 
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Claims 

1. An accumulator fuel injection apparatus com- 
prising: 

a casing element formed therein with a 
guide bore; 

a nozzle body reciprocally guided in said 
guide bore; 

a first pressure control chamber against 
which a one end side of said nozzle body 
faces; 

an injection bore; 

a seat provided at the other end side of 
said nozzle body for opening and closing said 
injection bore; 

accumulator piping in which high-pressure 
fluid is accumulated; 

a low-pressure chamber; and 

a control valve, 

wherein said first pressure control cham- 
ber communicates with said accumulator pip- 
ing, and said low-pressure chamber in switch- 
ing by said control valve, to reciprocate said 
nozzle body, to thereby control said injection 
bore in opening and closing, and 

wherein said nozzle body is divided into a 
first nozzle having said one end side and a 
second nozzle having said other end side, 

said accumulator fuel injection apparatus 
further comprising: 

a stopper for setting a maximum-move- 
ment position of said first nozzle toward said 
second nozzle; 

a second pressure control chamber com- 
municating in switching with said accumulator 
piping and said low-pressure chamber in syn- 
chronism with said first pressure control cham- 
ber, by said control valve, and for forming a 
predetermined interval through which said first 
nozzle and said second nozzle are spaced 
away from each other, under a condition that 
said first nozzle is arranged at said maximum 
movement position; and 

delay means for delaying reduction of the 
pressure within said first pressure control 
chamber due to the fact that fluid flows into 
said low-pressure chamber from said first pres- 
sure control chamber upon communication of 
said first pressure control chamber and said 
low-pressure chamber with each other. 

2. An accumulator fuel injection apparatus, ac- 
cording to claim 1, wherein said delay means 
is a one-way orifice. 

3. An accumulator fuel injection apparatus com- 
prising: 

accumulator piping accumulating therein 


high-pressure fuel; 

a first piston reciprocally guided in a guide 
bore formed in a lower element and having a 
one end side thereof which faces a first pres- 

5 sure control chamber; 

a stopper for setting a maximum move- 
ment position toward the other end side of said 
first piston; 

a second piston reciprocally guided in a 

io guide bore formed in a spacer, and having a 

one end side thereof abutted against the other 
end of said first piston and the other end side 
facing a second pressure control chamber 
which communicates in switching with said ac- 
re cumulator piping and a low pressure chamber 
in synchronism with said first pressure control 
chamber, by a control valve; 

a nozzle needle whose one end side faces 
said second pressure control chamber, said 

20 nozzle needle having a seat at the other end 

side of said nozzle needle; 

a valve casing having a guide bore for 
reciprocally guiding said nozzle needle, a valve 
seat abutted against the seat of said nozzle 

25 needle, and an injection bore; 

delay means for delaying reduction of 
pressure within said first pressure control 
chamber due to the fact that fluid flows into a 
low-pressure chamber from said first pressure 

30 control chamber upon communication of said 

first pressure control chamber and said low- 
pressure chamber with each other; and 

biasing means for spacing said second 
piston and said nozzle needle away from each 

35 other so as to form a predetermined gap be- 

tween the other end side of said second piston 
and said one end side of said nozzle needle 
under a condition that said first piston is ar- 
ranged at said maximum movement position. 

40 

4. An accumulator fuel injection apparatus ac- 
cording to claim 3, further comprising pre-lift- 
amount deciding means for connecting said 
second piston and said nozzle needle to each 
45 other so as to be variable in axial distance 

within a predetermined range, to decide an 
amount of pre-lift of said nozzle needle. 


50 


5. An accumulator fuel injection apparatus ac- 
cording to claim 4, wherein said pre-lift-amount 
deciding means is such that a connecting por- 
tion of said nozzle needle is slidably fitted in a 
cylinder portion formed in said piston. 


55 
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FIG. I 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 8 
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